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RECOMBINANT EOMES RESTORES ANTI-CANCER ACTIVITY OF IMMUNE CELLS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Patent Application No. 83/148 417 filed

on February 15, 2021, the contents of which are incorporated by reference hersin in its entirety.

FEDERALLY SPONSORED RESEARCH
This invention was made with government support under grant number HL138242

awarded by the National Institutes of Health. The government has certain rights in the invention.

REFERENCE TO SEQUENCE LISTING

This application is filed with a Compuler Readable Form of a Sequence Listing in accord
with 37 CF.R. § 1.821(c). The fext file submilted by EFS,  “212443.8012-
WOO1_sequence listing 14-FEB-2022_ST25.04,” was created on February 14, 2022, contains
30 sequences, has a file size of 37.7 Kbyles, and is hereby incorporated by reference in ils

entirety.

TECHNICAL FIELD

Described herein is a recombinant Eomes profein that resiores the cylotoxic activity of
exhausted immune cells. This prolein comprises, a nuclear localization sequence (NL3), the
transcription factor associated domain of Lomesodermin (Comes), and a protein-transduction
domain (FTD). The NLS-Eomes-PTD polvpeptide spontaneously internalizes into NK cells and
travels to the nucleus 1o control the transcription of its down-stream signaling pathways.
infroduction of the NLS-Eomes-FTD polypeptide into ExNK celis (i) decreases the expression of
an inhibitory antigen on ExNK cells; (il) increases cytoivtic activity, (i) enhances cvickine

sacretion; (iv) improves proliferation; and (v) inhibits tumor growth.

BACKGROUND

immune celi-based therapies have shown promise to treat various cancers. Those
therapies utilize T cells, Natural Killer (NK) cells, cytokine-induced killer (CIK) cells, dendritic celis
(DC), or peripheral blood mononuclear celis (PBMC). To improve the therapeutic efficacy, such
immune cells are engineered or expanded ex vve. In many cases, immune cells become
‘exhausted” and these exhaustad immune cells are not as effeclive as healthy cells in the
gradication of cancer cells and the treatment of cancer patients. For example, NK cells,

components of innate immunily, loose their activity through senescence, chronic aclivation, or
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chemotherapy. This dysfunctional state is termed “exhausted.” Immune cell exhaustion causes
the cells to lose their funclionality and reduces cytotoxicity and cytokine secretion. Exhausted NK
(ExNK) cells have poor cytotoxicity and cylokine secretion and are ineffective for treating cancer.
Various attempls including immune checkpoint inhibitors, pre-conditioning with  activating
cytokines, or genelic enginesring have been tried to revive exhausted ExNK celis. These
technologies oniy restore the anti-cancer activily of ExNK cells in the short-tenm but are not able
to rejuvenate ExNKs for long periods of time. ExNK cells ifreated with immune checkpoint
inhibitors or activating cytokines exhibit improved efficacy only shortly after freatment. CAR
technology up-reguiates anti-cancer signaling pathways in an uncontrolled manner and
exacerbates the exhausted state.

What is needed are compositions and methods for rejuvenating exhausted natural Killer

cells.

SUMMARY

One embodiment described herein is a nuclectide sequence encoding a polvpeptide,
wherein the polypeptide comprises an Eomesodermin domain, and one or more nuciear
focalization signals and/or protein-fransduction domain seguences.  In one aspect, the
Eomesodermin domain comprises an Comesodermin franscription factor associated domain. In
another aspect the pelypeptide comprises one or more nuclear localization signals, the
Eomesodermin transcription factor associated domain, and one or more protein-transduction
domains, each optionally separated by a glycine-serine linker. In one aspect, the polypeptide has
the stucture: NLS—GL—Eomes-TFAD—GL—PTD; PTD—GlL—Eomes-TFAD—GL—NLS;
FTD—GL—Eomes-TFAD; or NLS—GL—Eomes-TFAD; wherein NLS is a nuclear localization
signal;, GL is an optional glycine-serine linker; Eomes-TAD is an Eomesodermin franscription
factor associated domain, PTD is a protein-transduction domain.  In ancther aspect, the
polypeptide further comprises an affinity tag. In ancther aspect, the affinity tag comprises g 6x-
histidine tag. In another aspect, the Eomesodermin transcription faclor associated domain
comprises SEQ 1D NO: 2 or 4. in ancther aspect, the Eomesodermin transcription faclor
associated domain comprises residues 267-686 of SEQ 1D NO: 2 or 4. in another aspect, the
nuclear localization signal comprises one or more of SEQ ID NG 7-11 and the protein-
transduction domain comprises one or more of SEQ D NO: 1327, In ancther aspect, the nuclear
localization signal comprises residues 16-21 of SEQ ID NO: 7, the protein-transduction domain

comprises residues 1-11 of SEQ D NO: 13; and the glycine-serine linker comprises SEQ 1D NO:
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28. In another aspect, the nuclectide sequence has 85% to 98% identity to SEQ 1D NO: 1. in
ancther aspeact, the nucleotide sequence is SEQ 1D NO: 1.

Another embodiment described herein is 3 polynuclectide veclor comprising a nucleoctide
sequence described herein.

Ancther embodiment described herein is a cell comprising one or more nucleotide
saquences of described herein or a polynuciectide described hersin.

Ancther embodiment described herein s a polypeptide encoded by the nucleotide
saquence described herein.

Another embpodiment described herein is a polypeptide encoded by the nuclectide
sequence describad herein, wherein the polypeptide has 85% to 98% identity to SEQ D NO: 2.

A polypeptide encoded by the nucleotide sequence described herein, wherein the
polypeplide is SEQ 1D NO: 2.

Another embodiment described herein is a research ool comprising a polypeptide
encoded by the nucieotide sequence described herein.

Ancther embodiment described herein is a therapeutic reagent comprising & pelypeptide
encoded by the nucleolide sequence described herein.

Another embodiment described herein is a means or method for manufacturing the
nuclectide sequence described herein or a polypeptide encoded by the nuclestide sequence
described herein, the process comprising: transforming or transfecting a cell with a nucieic acid
as described herein, growing the cells; oplicnally, harvesting the cells and isolating quantities of
the nucleotide sequence described herein; inducing expression of a polypeptide encoded by the
nuclectide sequence described herein; harvesting the cells; and isolaling and purifying the
polypeptide.

Anocther embodiment is a nucleotide seguence described herein or a polypeptide encoded
by the nuclectide sequence described herein, each produced by the means or methods described
herein.

Another embodiment described herain is a therapeutic polypeptide comprising the amino
acid sequence of SEQ D NO: 2.

Another embodiment described herein is a method for rejuvenating exhausted natural
killer cells, the method comprising: oblaining exhausted natural killer cells (ExNK); contacting the
natural killer cells with a quantity of a polypeptide comprising one or more nuclear lecalization
signals, an Eomesodermin transcription factor associated domain, and one or more prolein-

transduction domains; incubating the ExNK and polypeptide for a period of time sufficient for the
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polypeptide to be uptaken by the celis (fransduced); and allowing the celis o incubats for a pericd
of time sufficient for the polypeptide 1o rejuvenate the ExNKs.,

Another embodiment described herein is a method for treating cancer, the method
comprising: {a) adminisiering a therapeutically effective amount of polypeptide comprising one or
more nuclear localization signals, an Eomesodermin transcription factor associated domain, and
ong or more protein-transduction domains 1o a subject in need thereof, or (b) contacting
auloiogous exhausied natural killer cells isolated from a subject with a therapeutically effective
amopunt of polypeptide comprising one or more nuclear localization signals, an Eomesodermin
transcription factor associated domain, and one or more protein-transduction domainsg; permitting
the cells to rejuvenate; and administering the cells 1o a subject in need thereof,

Another embodiment described herein is the use of a polypeptide comprising one or more
nuclear jocalization signals, an Eomesodermin transcription facior associated domain, and one
or more protein-transduction domains for the rejuvenation of exhausted natural killer cells or the

treatement of a subject in nead thersof.

DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing executed in color. Copies of
this patent or patent application publication with color drawing(s) will be provided by the Office
upon reguest and payment of the necessary fee.

FIG. 1A is a cartoon showing exhaustion of effector Natural Killer (NI cells and
reactivation. FiG. 1B is a cartoon showing reactivation of NK cells by recombinant Eomes.

FIG. 2A shows an SDS gel image of Eomes expression in £, cofi. FiG. 2B shows SDS
and western biot images confirming expression of the recombinant Eomes protein.

FIG. 3 shows fluorescent images of Eomes transduction on NK celis. DAPI blug and
FITC: green.

FIG. 4 shows flow cytometry data of non-treated control {grey) and Eomes-NK (red).

FIG. 5 shows the optimization of transduction time. CD122 expression level are increased
due to Comaes transduction. TD: transduction

FIG. 6 shows the optimization of priming time. CD122 expression of Eomes-NK cells was
increased at around 24 h priming fime after transduction.

FIG. 7 shows NKG2A expression in NK and ExNK cells. Red histogram: NK cells, blue

histogram. ExNK ceils.
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FIG. 8A-C show the anti-cancer efficacy and cytokine secretion (IFN-y, Granzyme B,
TNF-0, GM-CSF) of ExNK and Eomes-ExNK cells in various cancer cell types, including Calud
(FIG. 8A), MDA-MB-231 (FIG. 8B), and MCF7 (FIG. 8C) cancer cell lines.

FIG. 9A-B show the anti-cancer efficacy of NK, Eomes-NK, ExNK, and Eomes-ExNK celis
on MDA-MB-231 breast cancer cells with various E T ratios (FIG. 9A). NKrefers to fresh NK, and
ExNK refers to exhausted NK. FIG. 9B shows fwo graphs with merged data of untreated- and
Eomes-treated celis of NK and ExNK.

Fit3. 10A-B show cyioking secretion {{FN-y, Granzyme B, TNF-q, GM-C5F) of NK and
Eomes-NK cells (FIG. 104}, and ExNK and Eomes-ExNK cells (FIG. 10B) in MDA-MB-231 breast
cancer cells with various E:7T ratios.

FIG. 11 shows the Eomes-mediated anti-cancer effects in NK cells with various exhaustion
stages. Cell death refers to cancer cell death. The black bar represents spontaneous cancer cell
death.

FIG. 12A-C show Eomes-mediated cyiokine secration changes (IFN-y, TNF-¢, Granzyme
B, GM-CSF) on NK celis with various exhaustion stages, including fresh NK (FIG. 124}, Mid ExNK
(FIG. 12B), and ExNK (FIG. 12C).

FI(3. 13A~C show the expression of the inhibitory markers NKG2A (FIG. 134), TIM3 (FIG.
138}, and KIR (FIG. 130} in ExNK, Eomes-ExNK, Eomes-ExNK 10 days post-transduction
(D+10), and NK celis. The red and black numbers above the plots indicale the population of the
number 1 and 2 plot boxes, respectively, where the black colored number represenis the
population of high expression level of the inhibitory marker. The bar graphs represent the
population percentage that expresses antigen (black colored number on dot plots). ExNK is set
at 100% as a standard.

FIG. 14A-B show expression changes of the activation antigens NKG2D (FIG. 144) and
NKp4S (FIG. 14B) in NK, Eomes-NK, ExNK, and Eomes-ExNK. The black and red numbers
above the plots indicats the population of the number 1 and 2 plot boxes, respectively, where the
red colored number represenis the population of high expression level of the activation marker.
The bar graphs represent the population percentage that expresses antigen {red colored number
on dot plots). NK is set at 100% as a standard. Eomes was transduced as described herein (3
h transduction, 24 h priming). These data indicate that Comes induces an increase in the
axpression of the activation markers on both NK and ExNK ceils, which is in line with Eomes-
mediated activated cylotoxicity.

Fitz. 15 shows the improved proliferation of ExNK and NK cells upon ireatment with

Eomes. The graph shows proliferation of NiK, Eomes-NK, ExNK, and Eomes-ExNK. These data
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demonstrate that Comes protein increases the proliferation of both NK and ExNK, and that ExNK
had slightly lower proliferation aclivity compared o NK celis. The data show g prolonged effect
until about 21 days. Eomes was fransduced as described herein (3 h transduction, 24 h priming).

FIG. 16A-D show in vive anti-cancer efficacy of NK, Eomes-Ni, ExNK and Eomeas-ExNK
cells compared to confrol (CTRL). FIG. 18A shows the change in averags tumor volume over
time. FIG. 16B shows the change in relalive body weight over time. FIG. 16C shows the
probability of survival over time. FIG. 18D shows the change in individual tumor volumes over
time. No changes in body weight were observed after NK or ExNK celis were injected.

FIG. 17A-8 show up-regulation of death receptor ligands of NK ceils through Eomes.
Expression changes of activation antigen in NK, Eomes-NK, ExNK, and Eomeas-ExNK for FaslL
(FIG. 17A) and TRAIL (FIG. 178) are shown. The black and red numbers above the plots indicate
the population of the number 1 and 2 plot boxes, respeclively, where the red colored number
represents the population of high expression level of the activation marker. The bar graphs in
Fic. 17A-B represent the red colored number, where the population percentage of NK celis is
sat at 100% as a standard. Eomes was transduced as described herein (3 h transduction, 24 h
priming). The dalta indicate that Eomes induces an increase of death recepior ligands on both
NK and ExNK cells, which is in line with Eomes-mediated activated cytotoxicity.

FIG. 18A-8 show induction and up-regulation of the ADCC marker CD18 of NK celis
through Eomes. NK-82 cells do not naturally express CD18. However, Eomes were found to
induce CD16 expression on both NK ({(FIG. 18A) and ExNK {FIG. 184) cells. The black and red
numbers above the plots indicate the popuiation of the number 1 and 2 plot boxes, respectively,
where the red colored number reprasents the population of high expression level of the activation
marker. Eomes was transduced as described herein (3 h transduction, 24 h priming). The data
indicate that Eomes induces an increase of CD186 aclivation marker on both NK and ExNK cells,

which is in ine with Eomes-mediated activated cyiptoxicity.

DETAILED DESCRIPTION

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art.  For example, any
nomenclatures used in connection with, and techniques of, cell and tissue cullure, molecular
biology, immunology, microbiclogy, gensetics, and protein and nucleic acid chemistry and
hybridization described herein are well known and commonly used in the art. In case of conflict,

the present document, inciuding definitions, will control.  Preferred methods and materials are
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described below, although methods and materials similar or equivalent to those described harein
can be used in practice or testing of the present invention.

As used herein, the terms ‘“amino acid,” “nucleolide,” “polynuciectide,” “vector”
‘nolypeplide,” and “protein” have their common meanings as would be understood by a
biochemist of ordinary skili in the art. Standard single letter nuclectides (A, C, G, T, U) and
standard single letferamino acids (A, C, D EF G H LK LM N F QR 8 T, V, W orY) are
used herein.

” i

As used herein, the terms such as “include,” “including,” “contain,” “containing,” *having,”
and the like mean “‘comprising.” The present disclosure also contemplates other embodiments
‘comprising,” “consisting of,” and “consisting essentially of” the embodiments or elements
presented herein, whether explicitly set forth or not.

As used herein, the term “a,” "an,” "the” and similar terms used in the context of the
disclosure {espedcially in the conlext of the claims) are {0 be construed to cover both the singular
and plural unless otherwise indicaled hersin or clearly contradicted by the context. in addition,
“a,” "an,” or "the” means "one or more” unless otherwise specified.

As used herein, the term “or” can be conjunctive or disiunctive.

As used herein, the ferm “substantially” means to a great or significant extent, but not
completely.

As used herein, the ferm “aboutl” or “approximately” as applied o one or more values of
interest, refers to a value that is similar 10 a stated reference value, or within an acceptable error
range for the particular value as determined by ong of ordinary skill in the art, which will depend
in part on how the value is measured or determined, such as the limitations of the measurement
system. Inone aspedt, the term “aboul” refers to any values, including both integers and fractional
components that are within a variation of up o £ 10% of the value modified by the term “aboul”
Alternatively, “about” can mean within 3 or more standard deviations, per the practice in the art.
Alternatively, such as with respect o biological systems or processes, the term “about” can mean
within an order of magnitude, in some embodiments within 5-fold, and in some embodiments
within 2-fold, of a value. As used herein, the symbol “~” means “about” or “approximately.”

All ranges disclosed herein include both end points as discrete values as well as all
integers and fractions specified within the range. For example, a range of §.1-2.0 includes 0.1,
02,03 04 ... 20 Ifthe end points are modified by the term “aboutl” the range specified is
expanded by a variation of up to £10% of any value within the range or within 3 or more standard

deviations, including the end poinis.
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As used herein, the terms “active ingredient” or “active phamaceutical ingredient” refer to
a pharmacsutical agent, active ingredient, compound, or substance, compositions, or mixiures
thereof, that provide a pharmacological, ofien beneficial, effect.

As used herein, the terms “control,” or “reference” are used herein interchangeably. A
‘reference” or “control” level may be a predetermined value or range, which is emploved as a
baseline or benchmark against which to assess a measured result. "Conirol” also refers {o control
experiments or control cells.

As used herein, the term “dose” denotes any form of an aclive ingredient formulation or
composition, including cells, that contains an amount sufficient to initiate or produce a therapeutic
effect with at least one or more administrations. “Formulation” and “composition” are used
interchangeably herein.

As used herein, the term “prophylaxis” refers {0 preventing or reducing the progression of
a disorder, sither to a siatistically significant degres or o a degree detectable by a person of
ordinary skill in the arl.

As used herein, the tarms "effective amount” or “therapeutically effective amount,” refers
to a substantially non-toxic, but sufficient amount of an agent, composition, or celi{s) being
administered 0 a subject that will prevent, treat, or amelicrate to some extent one or more of the
sympioms of the disease or condition being experienced or that the subject is susceptible o
contracting. The resull can be the reduction or alleviation of the signs, symptoms, or causes of a
disease, or any other desired alteration of a biclogical system. An effective amount may be based
on factors individual to each subjedt, including, but not imited {o, the subject’s age, size, type or
extent of disease, stage of the disease, route of administration, the type or exient of supplemental
therapy used, ongoing disease process, and type of treatment desired.

As used herein, the term “subject” refers to an animal. Typically, the subjectis a mammal.
A subject also refers to primates {e.g., humans, male or female; infant, adolescent, or adult), non-
human primates, rats, mice, rabbits, pigs, cows, sheep, goals, horses, dogs, cats, fish, birds, and
the like. In one embodiment, the subject is a primate. Inone embodiment, the subjectis 3 human.

As used herein, g subjectis “in need of treatment” if such subject would benefit biologically,
medically, or in quality of life from such treaiment. A subject in need of treaiment does not
necessarily present symptoms, panticular in the case of preventative or prophylaxis treatments.

As used herein, the terms “inhibit,” “inhibition,” or "inhibiting” refer o the reduction or
suppression of a given biological process, condition, symptom, disorder, or disease, or a

significant decrease in the baseline actlivity of a biclogical aclivity or process.
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As used herein, “treatment” or reating” refers 1o prophylaxis of, preventing, suppressing,
repressing, reversing, alleviating, ameliorating, or inhibiting the progress of biological process
including a disorder or disease, or completely eliminating a disease. A treatment may be either
performed in an acute or chronic way. The term “treatment” also refers {0 reducing the severity
of a diseagse or symptoms associated with such disease prior {0 affliction with the disease.
“‘Repressing” or “"ameliorating” a disease, disorder, or the symptoms thersof involves
administering a cell, composition, or compound described herein {0 a subject after clinical
appearance of such disease, disorder, or its symptoms. “Prophviaxis of or “preventing” a
disease, disorder, or the symptoms thersof invoives administering a cell, composition, or
compound described herein 10 a subject prior to onset of the dissase, disorder, or the symptoms
thereof. “Suppressing” a disease or disorder involves administering a cell, composition, or
compound described herein to a subject afler induction of the disease or disorder thereof but
before its clinical appearance or sympioms therect have manifest.

As used herein, the lerm “cancer” includes, but is not limited o, the following cancers:
cancers of he breast, ovary, cervix, prosiate, testis, esophagus, stomach, skin, lung, bone, colon,
pancreas, thyroid, biliary passages, buccal cavity and phanymx (oral), lip, tongue, mouth, pharynx,
small intestine, colon-rectum, large intestine, rectum, brain and central nervous sysiem,
giioblastoma, nesurcblasioma, keratoacanthoma, epidermoid carcinoma, large cell carcinoma,
adenocarcinoma, adenoma, follicular carcinoma, undifferentiated carcinoma, papillary carcinoma,
seminoma, melanoma, sarcoma, bladder carcinoma, liver carcinoma, kidney carcinoma, myeloid
disorders, lymphoid disorders, Hodgkin's ymphoma, non-Hodgkins lymphoma, hairy cells,
lsukemia, or combinations thereof.

Described herein is a recombinant Eomes protein that restores the cylotoxic activity of
exhausied immune cells. This protein comprises, a nuclear localization sequence (NLS), the
transcription factor associated domain of Eomesodermin (Eomes), and & protein-transduction
domain (PTD). The protein transduction domain (PTD) is also known as a cell-penetrating peptide
domain (CPF). The NLS-Eomes-PTD polypeptide spontansousiy internalizes inte NK celis and
travels to the nucleus io control the transcription of its down-stream signaling pathways.
introduction of the NLS-Eomes-PTD polypeptide into ExNK cells (i) decreases the expression of
sacretion; (iv) improves proliferation; and (v) inhibits tumor growth.

Described herein is a recombinant Eomes profein that resiores the cylotoxic activity of
exhausted immune cells. This profein comprises, a nuclear localization sequence (NL3), the

transcription factor associated domain of Comesodermin (Eomes), and a protein-transduction
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domain (PTD) {(aiso called a cell-penstrating peptide domain (CPP), e.g., "NLS-Eomes-PTD.”
Previous studies showed that Eomes is a critical transcription factor t© restore the anti-tumor
achivity of NK cells. See Gill et al., Blood 118(24). 575805768 (2012). Eomes is down-reguiated
in exhausted natural killer cells as compared to functional NK cells. The NLS-Eomes-PTD
polypeptide sportanecusly internalizes into NK cslis and travels to the nucieus to control the
transcription of its down-stream signaling pathways.  Infroduction of the NLS-Eomes-PTD
polypeptide into ExNK celis {i) decreases the expression of an inhibitory antigen on ExNK ceills;
{iiy increases cytolvlic activity; (iil} enhances cytokine secration; and (iv) inhibits tumor growth.

With restoring the activity of ExNK celis, the efficacy of NK cell therapies is improved and
can be predictable. Also, the rejuvenated NK cells can be further meodified with any technology
currently available including CAR technology. To develop a new efficient method to rejuvenate
ExNK ceils for a prolonged pericd of ime, the molecular target inside NK cells has 1o be identified
in the upstream signaling pathway such includes s transcriptional factor. Eomescdermin (Eomes)
and T-bet are known 1o reguiate the maturation of NK cell. Eomes and T-bet are found down-
regulated in ExNK cells. Gili et al. reported that Eomes is more critical than T-bet in the recovery
of the exhausted siate of NK cells, Gil et all Blood 118(24). 575805768 (2012). The
transcriptional Eomes protein has a positive feedback loop with CD122, interleukin-2 receptor
beta, both of which bind with H.-2 and {L-15 for maintaining survival, coviolytic aclivity, and
homeostasis of NK cells. Moreover, Eomes directly controls the activation of promoters of
interferon-gamma, granzyme B, and perforin, all of which are cyiokines associated with cancer
cell killing. A recombinant fusion protein was constructed composed of Eomes, TAT, and Nucleus
localization signal (NLS), which is capable of spontanecus internalization into NK cells followed
by internalization into nucleus. This is because, as Eomes regulates transcription of NK cealis, the
final destination of Eomes in NK celis is the nucleus. TAT, a well-known protein transduction
domain, allows Eomes protein peneirate the cell membrane and NLS then enables the migration
of Comes into the nucleus. Based on the finding that Eomes reguiates CD122 and cylolytic
cytokines, the recombinant Eomes fusion profeins described herein can recover the homeostasis
and the anti-cancer activity of ExNK celis.

The NLS-Eomes-PTD polypeptides can be used as stand-alone therapeutics, adjuvants
to improve the acitivity of immune celis being used in adoptive immune cell transfer; or treated
MK celis can be used as an activity-enhanced NK cell therapy. The protein can be added to
auioiogous ExNK celis at the end of ex vivo expansion prior 1o infusion into a patient or the treated
allogeneic ExNK ceils can be cryopreserved for future use. Such treaiments are applicable to

adoptive NK cell fransfer therapy for elder-, obese-, chronic inflammed-patient, patients with prior
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chemotherapy, or patients who have exhausted NK cells or poorly active NK ceils. Beyond NK

cells, this protein is applicable to other innate immune cells or adaptive immune cells and the
protein-treated NK cell therapy is not restricted {o the treatment of cancer.

in one embodiment, the transcription factor associated domain of Eomesodermin (Eomes)

5  comprises residues 267686 of SEQ 1D NG: 4 or residuss 269707 of SEQ 1D NO: 8. Other

transcription factor associated domain of Eomesodermin profeins from other organisms may be

useful for the construction of nucleolide or polypeptide construcis as described herein.

Table 1. Eomesodermin Polypeptides
Human Eomesodermin Homolog Isoform 2 (SEQ 1D NO: 4, encoded by SEQ 1D NOG: 3)
NCBI Reference Sequence: NP 005433 .2

MOLGEQLLVISVNLPGAHFYPLESARGGSGGSAGHL “F.ZAXZ\PSFQK ")T DEA \KKF S
ARl SDTDAGDAFASARAVARPGPFPDGRKGSPC v
APCSLEPYQAAAGAPHGPVYPAPNGARYPYG
YPGAARAGS i
EVVIADPNHWRE
NNNNTOMIVLOSTHEYQPRLHIVEV
\TY"'SS}*"‘T VPGGRYGVQSFFPEPIN ’1\
TLLPYGIKSLPLOT :
) Cr‘:‘u"i}:' PPEIKSLDSNDIGVYT Q/—J‘I

:3LSCREAVS ’SEF‘ Z\AA‘": Al /“x F
C‘

\’[LPL’ GFL‘%{VC“”GI\PQE L;GALA"SGAUGS

7 LW LKEHREQTEMITY
VHEPESPNTGSHWMRQEISFGKLK
TETESETQFIAVTAYONTDITOLK I DHNPPAKGET
LLEPQOSEEVAN VLVT ?V“f“DGT’\H\L D
”hl\“l WEGRGEYQE TSRTSPIVESEDC B
RLSPSNSSNENSPS EDINAEEYSKDTSKGMGGYYARYT

Mouse Eomesodermin Homolog Isoform 1 (SEQ D NQ: 8; encoded by SEQ 1D NG 5)
NCBI Reference Sequencet NPMGMIZ%

: FHWEFGGEKWYTCGKADNNNOGN KT VP
CARNNNT O V‘;"QPRL‘ETVE‘JTEUG’V‘EDLE\IEDS TQTFTF
RDNYDSMYTASENDRLTPSPTDS Pks*rc; PCCRYGVONFFPERFVIS
ANPEPQRWL ’

T a
k

‘QL/—J‘\E. Ay
IGAYYAFYTS P

Underlining indicates the transcription factor associated region of the polypeptide. For human
Eomes this is residues 267-686 of SEQ 1D NO: 2. For mouse this is residues 269707 of
SEQ D NO: 6. Homologous residues in other Eomesodermin proteins are believed o have
sirnilar transcriptional activity.

10 YVarious nucleal localization sequences and protein-transduction domain seguences ¢an
be used fo create the NLS-Eomes-PTD polvpeptides described herein.  Specific nuclear
focalization signal peptides can comprise all or specific portions of SEQ 1D NO: 7-11. Likewise,

specific protein-transduction domains can comprise ali or specific portions of SEQ D NO: 13-27.
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Table 2. Protein-Transduction Domain {PTD) and Nuclear Localization Signal (NLS)

Sequences
Nuclear Localization Signal Ssquences

Name Sequence SEQ D NO:
SV40 Large T-antigen RETWHETWWTEWSQPRKEREY SEQID NG 7
Nucleoplasmin AVKRPARTKKAGQAKKKRLD SEQIDNO:. 8
EGL-13 MSRRREANPTKLSENAKKLAREVEN SEQIDNO: g
c-Myce PAARRVELD SEGID NO 10
TUS-protein KLKIKRPVK SEQID NO: 1
gggf@f‘ﬁe NLS Consensus R-K/R-X-K/R SEQ D NG 12

Protesin-Transduction Domain Sequences

Name Sequence SEQID NO:
Tat 47-60 YGRRERRORRRPE SEGID NO: 13
Penetratin RO TEIWEQNRI TEK SEGID NG 14
Transportan ' WITNSAGY LLGRINLKALAATLAKKL SEGID NG 15
Xentry, N-ferminal region of the ey .
X—prgéin of the hepa?itis Bvirus O EYE SEQID NO: 16
Argininge-1o RRRRERRER {RR) SEQ D NO: 17
Lysines-1o KREKKKKE { KK) SEQ D NC: 18
MAP S KLALKLALKALKAALKLA SEQ D NG 19
Pep-1 ¢ KETWWETWHT EWSQPKEKRKY SEQ D NO: 20
Peptt ® PLILLRLLRGQF SEQID NO: 21
Pept2 ® PLIYLRLLRGQF SEQ 1D NG: 22
VY-14 8 KLWMRWYSPTTRRYG SEQIID NG 23
Amphiphilic mode! peptide 7 KLALKLALKALKAALKLA SEQ D NC: 24
pVEC ® LLIILRRRIRKCAHAHSK SEQID NO: 25
HRSY °© RRIPNRRPRR SEQ I NO: 26
PTD-5 19 RRORRTSKLMKR SEQ D NG 27

P Pooga et al., FASEB J. 12: §7-77 (1988)

2Mi et al, J Biol Chem. 277(33): 30208-30218 (2002

* Robbins et al., Cancer Res. 51 3657-3862 (1991)

4 Deshaves et al., Biochemistry 43(6): 1449-1457 (2004)

* Marks et al., J Am. Chem. Soc. 133(23): 8985-8004 (2011}

® Karnide et al,, id. J. Mol Med. 25{1): 41-51 (2010)

" Lindgren et al. Trend Pharmacol Sci. 21(3): 99-103 (2000)

¢ Sidhu and Weiss, in Anticancer Drug Development, Baguley and Kerr, Ed., Academic Prass 237-248
(2002)

¢ Langediik et al, in Drug Transpori{ers) and the Diseased Brain, International Congress Serigs,
Elsevier 95-107 (2005)

UM et al, Mol Ther. 2(4): 338-347 (2000

In one embodiment, the NLS-Eomes-PTD polypeptide comprises residues 18-21 of SEQ
1D NO: 7; residues 267688 of SEQ 1D NO: 2 or 4, and SEQ 1D NG 13, In ancther embodiment,
gach of the foregoing domains is separated by a glycine-serineg linker. Various glycine serine

5  linkers may be used and can comprise lengths of 4 {o 20 amino acids. Typical linkers comprise
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repeats (8.g., 2, 3, or 4 repeats) of the sequence Gly-Gly-Gly-Gly-Ser (SEG 1D NO: 28). Inone
gembodiment the glycine-serine linker has the amino acid the sequence Gly-Gly-Gly-Gly-Ser (SEQ
D NO: 28).

In one embodiment, the NLS-Eomes-PTD polypeptide is encoded by SEQ ID NG 1. In
another embodiment, the NLS-Eomes-PTD polypeptide has an amino acid sequence of SEQ 1D
NO: 2.

One embodiment described herein is a nuclectide seguence encoding a polypeptlide,
wherein the polypeptide comprises an Eomesodermin domain, and one of more nuclear
focalization signals and/or protein-transduction domain sequences.  In one aspect, the
Eomesodermin domain comprises an tomesodermin transcription factor associated domain. In
another aspect the pelypeptide comprises one or more nuclear localization signals, the
Eomesodermin transcription factor associated domain, and one or more protein-transduction
domains, each optionally separated by a glycine-serine linker. In one aspect, the polypeptide has
the stucture: NLS—GL—Eomes-TFAD—GL—PTD; PTD—GlL—Eomes-TFAD—GL—NLS;
FTD—GL—Eomes-TFAD; or NLS—GL—Eomes-TFAD; wherein NLS is a nuclear localization
signal;, GL is an optional glycine-serine linker; Eomes-TAD is an Eomesodermin franscription
factor associated domain, PTD is a protein-transduction domain.  In ancther aspect, the
polypeptide further comprises an affinity tag. In ancther aspect, the affinity tag comprises a 6x-
histidine tag. In another aspect, the Eomesodermin transcription faclor associated domain
comprises SEQ 1D NO: 2 or 4. in ancther aspect, the Eomesodermin transcription faclor
associated domain comprises residues 267888 of SEQ 1D NGC: 2 or 4. In another aspect, the
nuclear localization signal comprises one or more of SEQ ID NG 7-11 and the protein-
transduction domain comprises one or more of SEQ D NO: 1327, inancther aspect, the nuclear
localization signal comprises residues 16-21 of SEQ ID NO: 7, the protein-transduction domain
comprises residues 1-11 of SEQ D NO: 13; and the glycine-serine linker comprises SEQ 1D NO:
28. In another aspect, the nuclectide seguence has 85% to 98% identity to SEQ 1D NO: 1. iIn
ancther aspeact, the nucleotide sequence is SEQ 1D NO: 1.

Another embodiment described herein is a polynuclectide veclor comprising a nucleoctide
sequence described herein.

Ancther embodiment described herein is a csll comprising one or more nucleotide
saquences of described herein or a polynucieotide described hersin.

Ancther embodiment described herein is a polypeptide encoded by the nucleotids

saquence described herein.
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Another embpodiment described herein is a polypeplide encoded by the nuclectide
sequence described herein, wherein the polypeptide has 85% to 99% identity to SEQ 1D NO: 2.

A polypeplide encoded by the nucleolide sequence described herein, wherein the
polypeptide is SEQ D NO: 2.

Ancther embodiment described herein is a ressarch ool comprising a polypeptide
encoded by the nucieotide sequence described herein.

Anocther embodiment described herein is a therapeutic reagent comprising a polypeplids
enceded by the nuclectide sequence described hersin.

Another smbodiment described herein is a means or method for manufacturing the
nuclectide sequence described herein or a polypeptide encoded by the nuclestide sequence
described herein, the process comprising: transforming or ransfecting a cell with a nucieic acid
as described herein, growing the cells; oplionally, harvesting the cells and isolating quantities of
the nucleotide sequence described herein; inducing expression of a polypeptide encoded by the
nuclectide sequence described herein; harvesting the cells; and isolating and purifying the
polypeptide.

Anocther embodiment is a nucleotide seguence described herein or a polypeptide encoded
by the nuclectide sequence described herein, each produced by the means or methods described
herein/

Another embodiment described herain is a therapeutic polypeptide comprising the amino
acid sequence of SEQ 1D NO: 2.

Another embodiment described herein is a method for rejuvenating exhausted natural
killer cells, the method comprising: oblaining exhausted natural killer cells (ExNK); contacting the
natural killer cells with a quantity of a polypeptide comprising one or more nuclear locglization
signals, an Eomesodermin transcription factor associated domain, and one or more profein-
transduction domains,; incubating the ExNK and polypeptide for a period of time sufficient for the
polypeptide to be uptaken by the celis (fransduced); and allowing the celis o incubats for a pericd
of time sufficient for the polypeptide 1o rejuvenate the ExNKs.,

Another embediment described herein is a method for treating cancer, the method
comprising: (a) administering a therapeutically effective amount of polypeptide comprising one or
more nuclear localization signals, an Eomesodermin transcription factor associated domain, and
ong or more protein-transduction domains o a subject in need thereof, or (b) contacting
auloiogous exhausied natural killer cells isolated from a subject with a therapeutically effective

amopunt of polypeptide comprising one or more nuclear localization signals, an Eomesodermin
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transcription factor associated domain, and one or more protein-transduction domains; permitting
the cells 1o rejuvenate; and administering the cells 1o a subject in need thereof,

Another embodiment described herein is the use of a polypeptide comprising one or more
nuclear {ocalization signals, an Eomesodermin transcription facior associated domain, and one
or more protein-transduction domains for the rejuvenation of exhausted natural killer celis or the
treatement of a subject in nesd thereof

The polynuclectides described herein include variants that have substitutions, deletions,
and/or additions that can involve one or more nuclectides. The variants can be altered in coding
regions, non-coding regions, or both. Alterations in the coding regions can produce conservative
or non-conservative amino acid substitutions, deletions, or additions. Especially preferred among
these are silent substitutions, additions, and deletions, which do not glter the properties and
aclivities of the binding.

Further embodiments described herein include nucleic acid molecules comprising
polynucieotides having nuclectide sequences about 50%, 55%, 80%, 85%, 70%, 75%, 80%, 85%,
90%, 81%, 82%, 93%, 84%, 95%, 86%, 97%, 88%, or 98% identical, and more preferably at least
about 80-99% or 100% identical 1o {a) nucleotide sequences, or degenerate, homologous, or
codon-optimized variants thereof, encoding polypeptides having the amino acid sequences in
SEQ 1D NOC: 2; (b) nuclectide sequences, or degenerate, homologous, or codon-optimized
variants thereof, encoding polypeptides having the amino acid seguences in SEQ 1D NO:2; and
{¢) nuclectide seguences capable of hybridizing to the complement of any of the nuclectide
sequences in (&) or () above and capable of expressing funclional polypeptides of amino acid
sequences in 3EQ ID NOG: 2

By a polynuclectide having a nuclectide sequence at least, for example, 80-98%
“identical” o a reference nuclectide seguence encoding a recombinant Eomes polypelide is
intended that the nuclecotide seguence of the poivnuciectide be identical to the reference
saquence except that the polynuclectide segquence can include up to about 10 o 1 point
mutations, additions, or deletions per each 100 nuclectides of the reference nuclectide sequence
gncoding a recombinant Eomes polypetide.

in other words, io obtain a polynuciectide having a nucieotide sequence about at least
80--89% identical t© a reference nuclectide sequence, up to 10% of the nuclectides in the
reference sequence can be deleted, added, or substituted, with another nucleotide, or a number
of nucleotides up o 10% of the {otal nuclectides in the reference seguence can be inserted into
the reference seguence. These mulations of the reference sequence can occur at the 5~ or 3

terminal positions of the reference nuclestide sequence or anywhere between those terminal
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positions, interspersed sither individually among nuclestides in the reference sequence orinone
or more contiguous groups within the reference sequence. The same is applicable to polypeptide
seguences about at least 80-98% identical to a reference polypeptide sequence.

As noted above, two or more polynucleotide sequences can be comparad by determining
thelr percent identily. Two or more amino acid sequences likewise can be compared by
determining their percent identity. The percent identity of two sequences, whether nucleic acid
or peplide sequences, is generally described as the number of exact matches between two
aligned sequences divided by the length of the shorter sequence and multiplied by 100, An
approximate alignment for nucleic acid sequences is provided by the local homology algorithm of
Smith and Waterman, Advances in Appfied Mathematics 2. 4 82-489 {(1981). This algorithm can
be exiended to use with peptide sequences using the scoring matrix developed by Davhoff, Atlas
of Protein Sequences and Structure, M. O. Dayhoff ed., 5 suppl. 3: 353-358, National Biomedical
Research Foundation, Washington, D.C., UBA, and normalized by Gribskov, Nucl. Acids Res.
14(8). 8745-8783 (19886).

For example, due to the degeneracy of the genetic code, one having ordinary skill in the
art will recognize that a large number of the nucieic acid molecules having a sequence at least
50%, 55%, 80%, 658%, 70%, 75%, 80%, 85%, 80%, 91%, 92%, 93%, 94%, 95%, 98%, 97%, 8%,
99%, or 100% identical to the nucleic acid sequence shown in SEQ 1D NO: 1, or degenerate,
homologous, or codon-optimized variants thereof, will encode a recombinant Eomes polypetide.

The polynuclectides described herein include those encoding mutsations, variations,
substitutions, additions, deletions, and particular examples of the polypeptides described herein.
For example, guidance conceming how 1o make phenotypically silent aming acid substitutions is
provided in Bowie, J. U. et al., “Deciphering the Message in Profein Sequences: Tolerance to
Amino Acid Substitutions,” Science 247: 1306-1310 (1990}, wherein the authors indicate that
proteins are surprisingly tolerant of amino acid substilutions.

Thus, fragments, derivatives, or analogs of the polypeptides of SEG 1D NG: Z2can be ()
ones in which one or more of the amino acid residues (8.9, 1,2, 3, 4, 5,7, 8§, 8,10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, or 50 residues, or even more) are substituted with
a conserved or non-conserved aming acid residue (preferably a conserved amino acid residue).
Such substituted amine acid residuss may or may not be one encoded by the genstic code, or (il
ones in which one or more of the amino acid residuss includes a substifuent group {e.g., 1, 2, 3,
4,5 7, 8,9 10, 15, 20, 25, 30, 35, 40, 45, or 50 residues or even more), or (i) ones in which the
mature polypeplide is fused with another polypeptide or compound, such as a compound o

increase the half-life of the polypeptide (for example, polysthviene glveol), or (iv) ones in which
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the additional amino acids are fused {o the mature polypeptide, such as an g Fc fusion region
peptide or leader or secralory sequence or a sequence which is employed for purification of the
mature polypeptide or a proprotein sequence. Such fragmenis, derivatives, and analogs are
deemed to be within the scope of those skilled in the art from the teachings herein.

in addition, fragments, derivatives, or analogs of the polypeptides of SEQ D NO: 2 can
be substituted with one or more conserved or non-conserved amino acid residue {(preferably a
conserved amino acid residue). In some cases these polypeplides, fragments, derivatives, or
analogs thereof will have a polypeptide sequence at least 50%, 55%, 80%, 85%, 70%, 75%, 80%,
B5%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 88%, 99% or 100% identical to the
polypeptide sequence shown in SEQ 1D NO: 2 and will comprise functional or non-functional
proteins or enzymes. Similarly, additions or deletions 1o the polypeptides can be made sither at
the N- or C-lermini or within non-conserved regions of the polypeptide (which are assumed fo be
non-critical because they have not been photogenically conserved).

As described herein, in many cases the amino acid substitufions, mutations, additions, or
deletions are preferably of a minor nature, such as conservative aming acid substitutions that do
not significantly affect the foiding or activity of the protein or additions or deletions fo the N-or G-
termini. Of course, the number of amine acid substitutions, additions, or deletions g skilled artisan
would make depends on many factors, including those described herein. Generally, the number
of substitutions, additions, or deletions for any given polypeptide will not be more than about 100,
90, 80, 70, 60, 50, 40, 30, 25, 20, 18, 18, 17, 16, 15, 14,13, 12, 11, 10,8, 8,7, 5,6, 4, 3,2, or 1.

it will be apparent to one of ordinary skill in the relevant art that suitable modifications and
adaptations to the compositions, formulations, methods, processes, apparata, assembplies, and
applications described herein can be made without departing from the scope of any embodiments
or aspects thereof. The compositions, apparata, assemblies, and methods provided are
exemplary and are not intended to limit the scope of any of the disclosed embodiments. All the
varicus embodiments, aspects, and options disclosed herein can be combined in any variations
or iterations. The scope of the compositions, formulations, methods, apparata, assemblies, and
processes described herein include all actual or potential combinations of embodiments, aspects,
options, examples, and preferences described herein. The compositions, formulations, apparata,
assemblies, or methods described hersin may omit any component or step, substiite any
component or step disclosed herein, or include any component or step disclosed elsewhers
herein. The ratios of the mass of any component of any of the compositions or formulations
disclosed herein to the mass of any other component in the formulation or o the total mass of the

other components in the formulation are hereby disclosed as if they were expressly disclosed.
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Should the meaning of any terms in any of the patents or publications incorporated by reference

conflict with the meaning of the terms used in this disclosure, the meanings of the terms or

phrases in this disclosure are controlling.  All patenis and publications cited herein are
incorporated by reference herein for the specific teachings thereof.

Various embodiments and aspects of the inventions described herein are summarized by
the following clauses:

Clause 1. A nuclectide sequence encoding a polypeptide, wherein the polypeptide
comprises an Eomesodermin domain, and one or more nuclear localization signals and/or
protein-transduction domain sequences.

Clause 2. The nucleotide sequence of clause 1, wherein the Eomescdermin domain
comprises an Eomesodermin transcription factor associated domain.

Clause 3. The nuciectide sequence of clause 1 or 2, wherein the polypeptide comprises one
or more nuclear localization signals, the Eomesodermin transcription factor associated
domain, and one or more protein-transduction domains, each oplionally separated by a
glycine-serineg linker.

Clause 4. The nuclectide sequence of any one of clauses 1-3, wherein the polypeplide has
the structure:

NLS—GL—Eomes-TFAD—GL—PTD;
FTD—GL—Eomes-TFAD—GL-—NLS;
PFTD—GL—Eomes-TFAD; or
NLS—GL—Eomes-TFAD;
wherein NLS is a nuclear iocalization signal; GL is an opticnal glycine-sering linker;
Eomes-TAD is an Eomesodermin transcription factor associated domain, PTD is a protein-

transduction domain.

Clause 8. The nucleotide sequence of any one of cdauses 1-4, wherein the polypeptide
further comprises an affinity tag.

Clause 6. The nucleotide sequence of any one of clauses 1-5, wharein the affinity tag
comprises a 6x-histidine tag.

Clause 7. The nuclectide sequence of any one of clauses 1-8, wherein the Eomesodermin
transcription factor associated domain comprises SEQ 1D NO: 2 or 4.

Clause 8. The nuclectide sequence of any one of clauses 1-7, wherein the Comesodermin
transcription faclor associated domain comprisas residues 267686 of SEQ ID NO: 2 or
4.
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Clause 9. The nucleotide segquence of any one of clauses 18, wherein the nuclear
focalization signal comprises ong or more of SEQ 1D NGO 7-11 and the protein-
fransduction domain comprises one or more of SEQ 1D NQO: 13-27.

Clause 10. The nuclectide sequence of any one of clauses 1-8, wherein the nuclear
localization signal comprises residues 16-21 of SEQ 1D NO: 7, the protein-transduction
domain comprises residues 1-11 of SEQ 1D NO: 13; and the glycine-sering linker
comprises SEQ {D NO: 28,

Clause 11. The nucleotide sequence of any one of clauses 1-10, wherein the nuclectide
sequence has 85% to 99% identity 1o SEQ ID NG 1.

Clause 12. The nucleotide sequence of any one of clauses 1-11, wherein the nuclectide
sequence is SEQ 1D NOG: 1.

Clause 13. A polynucleotide vector comprising a nucleotide sequence of any one of clauses
1-12.

Clause 14, A cell comprising one or more nuclectide sequences of clause 1-12 or a
polynuciectide vector of clause 13.

Clause 15, A polypeptide encoded by the nucleotide sequence of any one of clauses 1-12.

Clause 16. A polypeptide encoded by the nuclectide sequence of any one of clauses 1-12,
wherein the polypeptide has 85% o 99% identity to SEQ D NG 2.

Clause 17. A polypeptide encoded by the nuclectide sequence of any ong of clauses 1-12,
wherein the polypeptide is SEQ 1D NQ: 2.

Clause 18. A research tool comprising a polypeptide encoded by the nuclectide sequence of
any one of clauses 1-12.

Clause 18, A therapeulic reagent comprising a polypeptide encoeded by the nudiectide
sequence of any one of clauses 1-12.

Clause 20. A means or method for manufacturing the nuclectide sequence of any one of
clauses 112 or a polypeptide encoded by the nuclestide sequence of any one of clauses
112, the process comprising: transforming or transfecting a cell with a nucieic acid
comprising the nuclectide sequence of clause 1, growing the calls; optionally, harvesting
the cells and isoclating quantities of the nuclectide sequence of any one of clauses 1-12;
inducing exprassion of a polypeptide encoded by the nuclectide sequence of clausse 1-
12; harvesting the cells; and isolating and purifying the polypeptide.

Clause 21. The nuciectide sequence of any one of clauses 1-12 or a polypepiide encoded by
the nuclectide sequence of any one of clauses 1-12, each produced by the means or

method of clause 20.
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Clause 22.
Clause 23.

A therapeutic polypeptide comprising the amino acid sequence of SEQ 1D NG 2.

A method for rejuvenating exhausted natural Killer ceils, the method comprising:

obtaining exhausied naiural Killer cells (ExNK);

coniacting the natural killer cells with & quantity of & polypeplide comprising one or more

nuclear localization signals, an bomescdermin franscription factor associated

domain, and one or more protein-transduction domains,;

incubating the ExNK and polypeptide for a period of ime sufficient for the polypeptide to

be uptaken by the cells {ransduced); and

aliowing the cells {o incubate for a period of time sufficient for the polypeptide to rejuvenats

Clause 24.
{a)

()

Clause 25,

the ExNKs.

A method for treating cancer, the method comprising:

administering a therapeautically effective amount of polypeptide comprising one or
more nuclear localization signals, an Eomesodermin  iranscription factor
associated domain, and one or more protein-transduction domains o a subject in
need thereof, or

contacting autologous exhausted natural killer cells isolated from a subject with &
therapeutically effective amount of polypeptide comprising one or more nuclear
localization signals, an Eomesodermin transcription factor associated domain, and
ong or more protein-tfransduction domains; permitting the cells to rejuvenats; and
administering the cells o g subject in need therecl,

Use of a polypeptide comprising one or more nuclear localization signals, an

Eomesodermin franscription faclor associated domain, and one or more protsin-

transduction domains for the rejuvenation of exhausted natural killer cells or the

treatement of a subiject in need thereof
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EXAMPLES
Example 1
Eomes Freparation
An exemplary recombinant Eomes protein was developed by combining an SV40 Large
T-antigen Nuclear Localization Signal (NLS; residues 18-21 of SEQ ID NO: 7} with the Eomes
polypeptide sequence (residues 267888 of SEQ 1D NO: 2), and a cytoplasm penetration peptide,
{e.g., HIV fransactivating transcriptional activator, TAT; residues 1~11 of SEQ ID NO: 13). The
domains are linked by glycine-sering linkers having the amino acid the sequence Gly-Gly-Gly-
Gly-Ser (SEQ 1D NG: 28). The penetration peptlide sequences are used to direct the Eomes
protein into cells. Any cyloplasm penetration peptide or nuclear localization signals can be used
{ses Table 2) but using both cytoplasm and nucleus penelration peptides are desirable, because
Eomes needs o enter the nucleus to works as a transcriptional factor. The transcriptional faclor
region of human Eomes sequence was obtained from amine acid residues 267888 of NCBI
reference sequence NP_Q05433.2 (human eomesodermin homolog isoform 2). The first amino
acid was changed to a methioning to facilitate expression in £. cofi. Polyglycine amino acid
spacers were added to between each peplide domain o permit them to function independently.
The nucleotide and amine acid seguences for the recombinant Eomes polynuciectide

construct, bomes polypeptide, and plasmid DNA are provided:

Eomes Polynucleotide Sequence (SEG ID NG 1)

ATGCCTAAAAAGAAANGGAAGETTGGTGEEGEGAGGAT CAL
ATCGTCACCAS

B
{CCTGAAC

GCGGCAAGGCGGATAACAAC

R TSI D T el ; DB LIEOD DD DI
CAGGGTGGCARATGGETTACCT 3 AAGGCAACARAGAT
Y S Ty - PR PR TS "

[C2 & GTAGCCACT GG

FGCGTCAGGAAATTAGCTT!
GAACAACAACAACACCCAGATGATCGETTCTG
ACCGARAGAC GTGGAGGATCTGAACGARC CTTCACCTTTAGCC . TTCATCG
CGETTACCGCGETACCAGAACACCGACATCACCCAACTGAAAATTGATCACAACCCGTTCGCGAAGGETTTTCGTGA
CAACTACGATAGCAGCCACCA TGCCGEETGECCGETTATGGCETTCAGAGCTTCTTCCOGGAGCCETTTGT G
ARCACCCTGCCGCAGGCGCETT
ARAGCGAGGAAGTEGCGAACCOGCCGCAGCET TGO T GET GACCCLEETTCAGCAACCGGGTACCAACAAACT GGA
CATCAGCAGCTACG FACCAGCAGCACCCTGCTGCCGTACGETATTAAGAGCCTGCCGCTGRAG
AGCCATGCGCTGEECTACTAT CCGGATCCGACCTTT TGGGEGETGEECCETGEGECAGCTATCAGC
GTAARATCGCGGCEGETOTGCCETEGACCAGCCETACCAGCCCGACCETETTTAGCGAGGACCAACTGAGCAAGGA
AAAAGTTAAAGAGGAGATCGGTAGCAGCT GGATTGAAACCCUGCCGAGCAT CAMAAGCUTGCACAGCAACGATAGC
GECGTGTACACCAGCGCETGCAAGCET GAGCCCCAGCAACAGCAGCAACGAGAACAGCCCGAGCATCA
AGTGCGAAGACATTAACGCGGAGGAATATAGCAAAGATACCAGCAAGGGETATGGETGGCTACTATGCGETTTTACAC
CACCCCGEETGGCEETGECAGCTAT GGCCETAAGAAGCGTCGETCAGCETCETCGLGGLGGLGECGECAGCCATCAC

CATCACCATCACGGTTAATGA

TR

GGAGGETT
A A

e
AAACCCAGA

ACC

Eomes Polypeptide Sequence (SEQ 1D NO: 2)
MP AKKRKV-GGGGS~ARVYLCNRP LWLKFHRAQT EMI 1
RFQG TCOKADNNMOGNKMYY
EVIEDGVEDLNEPSKTQT

LSENINGLNPTAHYNVEVEVVLADE
SANNNNTOMIVLOSLEKY
CRDNYDSSHEQIVRPGGRYGVQSEFEPEPD

NEW
T
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T RTINS QTN O 3 S A T
[CEDINAREYSKDTSKGMGGYYAR

GGS-HHHHHHEG
Eomes Plasmid DNA Sequence (SEQ 1D NO: 30)
Key: NLS-spacer-Eomes-spacer-TAT-spacer-8xHis

Eomes Expressionin £ coff

The recombinant Eomes protein (52 kDa) was expressed in BL21 £. cofi, the cells were
lysed, and the polypeplide purified using a nickle column. The bicinchoninic acid (BCA) assay
{Thermo Fisher) was used for protein quantitation. Eomes expression was confirmed by 8DE gel
image that protein molecular weight is around 50 kDa (FIG. 1), Coomassie staining showed a
band at around 50 kDa and indicaled that Eomes was expressed.

The purified protein was analyzed and confirmed using SDS-PAGE and western biot
analysis (FIG. 2). SDS-PAGE showed one band near 52 kDa that indicated that recombinant
Eomes (B2 kDa) was expressad and purified with high purity. Western blot analysis confirmed
that the His-tagged Comes protein was expressed by showing a single band around 52 kbDa as

identified with an anti-His tag antibody.

Example 2
in vitro Eomes Experiments
Cells and Culture Media

Human NK-82 (NK) celis were obtained from ATCC® and cultured in X-vivo 15 media
(Lonza Bioscience) with 10% FBS, 1% pencillin/streptomycin, and 250 U/mb of interlukin-2 (iL-
2). To generate exhausted NK (ExNK) cells, NK cells were continuously cultured over 70
passages. To verify the exhausted state, expression levels of the inhibilory biomarker NKG2A
were compared between ExNK and fresh NK ceils using flow cytometry analyses with an PE-anti-
NKG2A antibody label. Once the expression level of NKG2A was higher than nommal NK cells,

ExNK cails were utilized for further in vifro and in vivo studiss.

Assays of in vitro Anti-cancer Effects

To observe changes on the anti-cancer effect of NK and ExNK cells through Eomes
fransduction, cancer cell death rate and cytokine secretion were analyzed. Cancer cells were
pre-labeled with 25 uM CellTracker Blue CMAC and seeded at 1 x 10* celisiwell in 48-well plates,
24 heurs prior to commencing the experiment. The cells were then incubated with NK, ExNK|

Eomes-NK, or Eomes-ExNK celis according o an effectortarget (E:T) ratio, where effecior and
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target referred immune cells and cancer cells, respectively. After the 4 h inoculation, celis and
supematant were harvested, and the celis were iabeled with the Annexin V Alexa Fluor 488 and
propidium iodide (PH kit (Thermo Fisher). Cancer cell death was analyzed Annexin V- and Pl-
stained cells in the CeliTracker Blue-stained population by flow cylometry (BD LSRI}. The
harvested supematant was stored at ~20 °C for subsequent ELISA assays of the cytokines {FN-

y, TNF-q, granzyme B, and GM-CSF, which are representative cytckines of NK cells.

Confirmation of Eomes Uptake using Fluorescence Microscopy

Before optimizing the Eomes transduction condition, Eomes uptake was confirmed by
flucrescent microscopy (FIG. 3). From various protein transduction conditions, one transduction
condition {2 uM, 3 h protein co-incubation) was chosen. Then the NK celis were fixed and stained
with anti-His tag and FITC-labeled anti-mouse IgG antibodies. Nuclel were stained with DAFI as
counter staining. Recombinant Eomes has a His-tag and this motif is not naturally expressed in
mammalian ceils, therefore, His-tag-positive celis indicate recombinant Eomes-internalized cealls.
Eomes fransduced NK (Eomes-NK) celis had FITC-positive celis while control (non-treated celis)

had negligible FITC signal. This indicated that Eomes fransduced into NK ceills.

Confirmation of Eomes Uptake using Flow Cytometry

Racombinant Eomes was transduced info NK celis using the same condition as above (2
LM and 3h transduction fime). Then both Eomes-transduced- and non-transduced-NK cells were
collected and immediately permeabilized/stained with anti-His tag antibody and Alexa Fluor-4388-
labled anti-mouse igG antibody. The flucrescent intensity of cells was measured by flow
cytometry (BD LSRRI (FIG. 4}, in FIG. 4, grey colored histogram indicates control which is Eomes
non-ireated NK cells, and red colored histogram indicates Eomes-NK cells. Once the cells have
Alexa Fluor-488 signal, it refers that recombinani Eomes containing His tag exists in cells.
Recombinant Eomes-NK cells (red histogram) had Alexa fluor-488 signals compared to conirol

{grey histogram).

Optimization of Eomes Transduction Time

Transduction conditions evaluated uplake amount and cellular changses caused by
Eomes. The Eomes transduction time was oplimized through phenolypical changes. The
changes were confirmed by flow cytomelry. Eomes has a co-upregulated relation with CD122.
Therefore, NK cells from various condition of Eomes transduction were stained with APC-anti-
CD58 and FITC-anti-CD122 antibodies (FIG. 5}, The Eomes amount was fixed at 2 pM, the same
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concentration that was used for uptake analysis. The cells were harvested immediately afier
transduction and stained with the antibodiss. Among various fransduction time, 3 h transduction

fime had the greatest effect on CD122. A transduction time of 3h was therefore optimal.

Priming Comes-transduced NK cslis (Eomes-NK)

After Eomes was transduced into NK cells, it was determined whether Eomes-priming time
was needad or nol. NK cells were additionally incubated for various time after 3 h transduction
of 2 uM Eomes. Once the priming time was complet, the celis were harvested and stained with
APC-anti-CD56 and FITC-anti-CD122 antibodies (FiG. 6). Fluorescent intensity was measured
by flow cytometry (BD L3RI}, CD122 expression was decreased for 6 h of priming time and
increased back at 24 h. Then the expression slowly weakened until 72 h. if Eomes-NK cells were
used with no priming time, Eomes-related changes would not be effective for a day. However,
Eomes-NK cells with 24h priming time could bring effective Eomes-related changes Tor at least a
day and even two days. A 24 h of priming time after transduction was chosen for Eomes-NK

cells.

Optimization of Eomes Amount for Transduction

With the oplimal transduction and priming time condition were analysed as described
above, the optimal amount of Eomes was analyzed further. Before oplimization of transduction
amount, normal NK cells and exhausted NK cells (ExNK) were prepared for an Eomes-mediated
rejuvenation experiment.

ExXNK cells were generated through prolonged cultivation of NK cells {more than 70
passages). Judge et al, Front Cell  infect. Microbiol  10. 4% {2020)
doi: 10.3389/fcimb.2020.00048. Generation of ExNK celis were confirmed by comparison of
CD58 and NKGZA expression using flow cytometry. ExNK celis had similar CD56 expression
and stronger expression of NKG2A compared {o NK celis. NKG2A is an inhibitory marker of NK
cells, and the high expression of NKG2A indicates that ExNK cells are either exhausted or have
inhibited cytolytic aclivity.

NK and ExNK celis were treated with various amounts of Eomes with 3 h of transduction
time and 24 h priming time. After Eomes transduction and priming were done, the cells were
collected and labeled with ARC-anti-CD58, FITC-anti-CD122, PE-anti-NKG2A antibodies.
Fhenotypical changes were monitored through flow cytometry {Tables 3 and 4). Interestingly, NK
cells had increased NKGZ2A expression after Eomes iransduction, while ExNK cells had

decreased NKG2A expression after Eomes fransduction. These resulis indicated that abnormal
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Eomes expression may impaired NK cell funclion, and ExNK cells may rejuvenate through
decreased NKG2ZA expression. For ExNK cells, CD122 expression was saturated at 0.5 uM
Eomes. Therefore, the optimal Eomes amount for transduction was fixed at 0.5 uM. The optimal
transduction conditions (0.5 uM Eomes, 2 h transduction, 24 h priming) was applied for all in vifro

and in vivo assays described below,

Table 3. Phenotypic Changes in NK by Eomes Transduction

Eomes {(uM) CD56 CD122 CD56 + CD122 NKGZA

Contro 5.48 56 0.1 18.4
0.1 41.8 2086 0.87 65.7
0.2 15.4 38/3 0.59 544
0.5 15.7 284 0.4 50.9
0.7 254 18.0 0.7 60.4
1.0 8.18 209 0.33 59
1.5 24.8 23.6 1.17 544
2.0 18.4 11.9 0.48 42 4

Table 4. Phenotypic Changes in ExNK by Eomes Transduction

Eomes {uM) CcDs56 D122 CD&E + CD122 NKG2A

Control 529 5.38 0.24 274

0.1 8.77 13.2 1.36 8.57

0.2 519 13.5 1.15 4.02

0.5 6.56 51.2 2.21 8.75

0.7 8.34 52.3 2.72 8.46

1.0 8.18 38.5 3.73 8.806

1.5 3.35 50.5 1.48 5.64

2.0 2.72 42.7 1.6 4.682

2 uM + 24 h Transduction 12.2 8.87 (.66 10.8

While NK cells had increased NKGZA after Eomes transduction, ExNK cells had
decreased NKGZA expression after Eomes fransduction. CD122 expression is saturated at 0.5

Ui Eomes.

Example 3
in vitro Anti-Cancer Activity of Eomes-EXNK on Various Cancer Cell Types

These resulls were obtained before optimizing the amount of Eomes. Therefore,
fransduction condilions were 2 uM Eomes for 3 h transduction and 24h priming, and the cells
were analyzed. ExNK and Eomes-ExNK cells were analyzed for cancer cell death rate and

cytokine secretion. EffectorTarget {(E:T) ralio, where effect was ExNK or Eomes-ExNK cell and
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target was cancer cell, was fixed at 5:1. Cancer cells were pre-labeled with celi-tracker prior to
co-incubation with ExNK cells {o distinguish them from ExNK celis. Cancer cells and
ExNK/Eomes-ExNK cells were co-incubated for 4 hours, then the cells and supematants were
separately harvesied for further analysis. The cells were stained with cell death kit {Annexin V/PL;
annexin V stains apoptotic dead celis and Pl stains dead cells including necrosis) and analyzed
using flow cytometry. Cell-tracker labeled cells were selected and Annexin V positive cells were
analyzed to measure only dead cancer cells; this represenied the cell death percentage. These
results showed Eomes-ExNK had stronger anti-cancer efficacy than ExNK cells on varipus cancer
cell types. Supernatants were analyzed for anti-cancer cytokine ELISA. Eomes-ExNK cells had
increased cytokine secretion compared to ExNK cells. These resulls indicated that Eomes
recovered anti-cancer aclivity of ExNK calls, and Eomes-ExNK calis could be used for treatment
of various types of cancer. MDA-MB-231 cells, riple negative breast cancer cells, were used for

further studies.

in vitro Cytotoxicity with Various E:T Ratios

in vitro anti-cancer activity was analvzed at various ET ratios (0, 1, 5, 10 and 20).
According to the optimal transduction condition, Eomes-NK and Eomes-ExNK cells were
prepared by transduction of 0.5 uM Eomes for 3 h and additional 24hours incubation for
stabilization afler transduction. MDA-MB-231 cells were labeled with cell tracker blue prior to
seeding on 48-well plates. On next day, MDA-MB-231 cells were co-incubaied with NK cells,
Eomes-NK celis, ExNK cells, or Eomes-ExNK celis for 4h. Supsmatant media and cells were
separately harvested. The supernatant was utilized for cylokine ELISA and the cells were
analyzed for cell death with flow cylometry as above. Cell death and cytokine ELISA were
analyzed o confirm increased cylotoxicity according to E:T ratio and whether Eomes-ExNK cells
get increased cyioloxicily as much as NK cells.

Cell death was analyzed using flow cytometry (FiG. 9). Experimental msthod of cell death
was same as FIG. 8 experiment. The data showed that NK cells had increased cell death as the
E:T ratio increased, while Eomes-NK cells had similar efficacy as NK ceils. This indicated that
Eomes did not have a significant effect on NK cells 1o increase their cytoloxicity.

On the other hand, ExNK and tomes-ExNK showed distinctively different result.  ExNK
cells showed similar cell death amount as the & T ratic was increased, because ExNK cells lost
their cytotoxicity due to exhaustion. Interestingly, Eomes-ExNIC cells recovered its cylotoxicity
similar o NK cells. Eomes-ExXNK celis had increased cell death amount as ET ralio was

increased, and the cell death amount of Eomes-ExNK group was reached until that of NK group.
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Collectively Eomes rejuvenated the cytotoxic reactivity of ExNK cells but not of NK celis.
While ExNK cells did not have anti-cancer effect at every E:T ratio, Eomes-ExNK cells had
increased anti-cancer effects like NK cells. In addition, the cytokine secretion level of Eomes-
ExNK cells increased compared fo ExNK celis. On the other hand, Eomes-NK cells had
insignificant changes compared to NK cells, and they had similar effect of cytoloxicily and cyiokine
sacretion with NK cells. These data demonstrated that Eomes could rejuvenate ExNK cells | but
did not affect the anii-cancer activity of NK cells. Furthermore, Eomes-NK or -ExNK cells showed
significantly higher GM-CSF amount than bare-NK or -ExXNK cells. This result implied that
rejuvenation mechanism of Eomes might be related to a GM-CSF signal pathway.

From the sampies above, the cell supernatants were analyzed using cytokine ELISA. IFN-
y, TNF-a, Granzyme B, and GM-CSF were analyzed, because they are well-known cytokine
secreled from NK cells. Cytokine release trend was similar with cancer cell death analysis.
Eomes-NK celis did not have significant difference from NK cells, but Eomes-ExNK cells had
increased cytokine release compared {o ExXNK cslls. Also, the concentrations of cylokines from
Eomes-ExNK celis were similar to that of NK cells. These cyiokine ELISA result are similar to the
resulis of the cancer cell death analysis. Interestingly, GM-CSF had different results than the
other cytokines., GM-CEF concentration was increased in both Eomes-NK and Eomes-ExNK
cells. This result could be related to downstream effects of Eomes on GM-CSF.

Additionally, Eomes induced increased expression of the death receptor ligands Fasl and
TRAIL for both NK and ExNK celis (FIG. 17A-B), which is in ling with Eomes-mediated activated
cytotoxicity, Furthermore, Eomes induced increased expression of the activation marker CD18
after 7 days post-transduction for both NK and ExNK celis (FIG. 18A--B), which is also in line with

Eomes-mediated activated cylotoxicity,

Eomes Effect on Anti-Cancer Activity of NK cells Depending on Exhaustion State

Different levels of exhausted NK celis including middie exhausted and (Mid ExNK) fully
exhausted NK cealls (ExNK) were prepared. MNMormmal NK celis (NK}, Mid ExNK, and ExNK cells
were fransduced with Eomes using the optimal transduction conditions. MDA-MB-231 celis were
utilized as target cancer celis, and the E:7T ratio was set at 5:1. Celis and supernatant media were
separately collected and analyzed for cell death cytokine expression as described above. FIG.
11 shows that Eomes did not significantly increase cancer cell death with NK cells, but Eomes
increased cancer cell death for both Mid ExNK and ExNK. Surprisingly, Eomes-Mid ExNK had
caused greater cancer cell death than normal NK cells. This dala indicated that Eomes could

refuvenate exhausted NK cells to normal NK celis regardless of exhaustion state.
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Supernatants from same samples were analyzed using cytokine ELISA. Eomes caused
ExNK ceils to secrete more cytokines compared (o unireated ExNK cells. These data had similar
frends as FIG. 10 because Eomes did not increase cyiokine secretion on NK celis while if did on
ExNK cells. Similar to FIG. 10, each NK type had increased GM-CSF secretion with Eomes
transduction regardless of exhaustion stage. This resuit is in line with FIG. 11 that Eomes

rejuvenates anti-cancer activity of ExNK cells.

Eomes Effect on NK Cells’ Inhibitory Marker Expression

Eomes transduction was performed using the oplimal transduction conditions. Eomes-
ExNK cells and Eomes-ExNK cells D+10, were prepared and incubated for 10 days post
transduction. Nomal NK, ExNK, Eomes-ExNK, and Eomes-ExNK D+10 cells were separately
labeled with antl NKG2A, anti TIM3, anti KIR anifibodies and these antibodies were conjugated
with a PE fluorophore. The PE intensity of antibody-labeled cells was measured using flow
cytometry (BD LSRI) (FIG. 13). In the dot plots of FIG. 13, red and black colored numbers
represent number 1 and 2 boxes, respectively. Number 1 box is the cell population of low FE
infensily, and it indicates low expression of inhibitory markers. The number 2 box represents high
axpression of inhibitory markers. As the black colored numbers show in FIG. 13, ExNK cells had
high expression level of inhibitory markers compared to NK calls, and expression level of inhibitory
markers of both bomes-ExNK and Eomes-ExXNK D+10 cells reached that of NK celils.
Furthermore, Eomes-ExNK D+10 cells had decreased expression levels of inhibitory marker that
were in line with that Eomes-mediated rejuvenation effect could persist until 10 days. These
results demonsirated that Eomes supressed expression of inhibitory marker of ExNK cells,
rejuvenated the ExNK cells, and the effect could last for 10 days with a single transduction.

Eomes-ExNK showed decreased expression of inhibitory markers compared to untreated
ExNK ceils. The marker expression of Eomes-ExXNK was decreased 1o the level of normal NiK
cells, implying that Eomes-ExNK were rejuvenated (o levels of normal NK cells. The decreased

expressions of inhibitory markers were maintainad for 10 days post-transduction.

Example 4
in vivo Efficacy Study Procedure
Freparation of NK| Exhausted NK {ExNK), Eomes-NK, and Eomes-ExNK
Various Eomes concentration and incubation time for transduction were validated on NK
and ExNK cells for optimal transduction condition. 8.5 uM Eomes and 2 h transduction time were

optimized to transduce Eomes on 1 x 10° NK and ExNK cells (Eomes-NK and Eomes-ExNK}.
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MDA-MB-231 Model Generation and injection

Female NSG mice (NOD.Cg-Prkdescid H2rgimTWil/Szd) were inoculated with 1 = 10°
MDA-MB-231 cells {iriple negative breast cancer cells) suspended in 50 % Malrigel. The number
of mice were equally divided for control (non-treatment), NK, ExNK, Eomes-NK, and Eomes-
ExNK groups. Once the tumor size reached about 150 mm?®, weekly injection of NK, ExNK, NK-
Eomes, and ExNK-Eomes was commenced Every ceil group was injected at a dosage of 1 x 107
cells in 100 ul. of HBSS. Animals were intravenously injected with the respective treatment for 4
weeks., Al animal procedures followed the guidelines approved by the University of Arizona
IACUC.

Tumor Volume and Mouse Body Weight Measurement

Tumor volume and mouse body weight were recorded every once a week., Tumor volume
was oblained by measurements of the length and the width of the tumor with a caliper and
catculated using the formula: V = 0.5-ab%, where (8) is the longest diameter and (b) is the shortest

diamester of the tumor.

Tumaor Tissue Excision
After 4 weeks of injection is done, mice were euthanized, and tumor tissue was harvested.

The tissues were stored at ~80 °C for further analysis, such as flow cytomelry or cytokine ELISA,

in vivo Anti-Cancer Efficacy Study Resulls
Tumor Growth Suppression

Tumor growth was monitored as control (non-treatment), NK, Eomes-NK, ExNK, Eomes-
ExNK groups. The Eomes-ExNK group showed similar inhibition on tumor growth as the NK
group, while ExNK did not show tumor growth inhibition (FIG. 16A-D). The Eomes-ExNK group
showed improved tumor growth inhibition compared {o ExNK. These cells inhibited tumor growth
at similar levels to the NKU Unlike ExNK cells, bomes-NK cells did not have a significant difference
from Ni{ cells. This ohserved anti-cancer effect is in line with the in vifro assays (FIG. 9 and 11).
These data verified that Eomes recovered anti-cancer activity of ExNK ceils. Additional in vivo
experimants are ongoing. These resuils demonstrated that Eomes-ExNK has promising
applications on cancer therapy by rejuvenating ExNK celis. The komes could be utilized for

aufoiogous NK cell injection of immune-defecied patients.
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CLAIMS

What is claimed;

1. A nucleotide seguence encoding a polypeptide, wherein the polypeptide comprises an
Eomesodermin domain, and one or more nuckear localization signals and/or protein-

transduction domain sequances.

2. The nuclectide sequence of claim 1, wherein the Eomesodermin domain comprises an

Eomescdermin transcription factor associated domain.

3. The nucleotide sequence of claim 1 or 2, wherein the polypeptide comprises one or more
nuclear localization signals, the Eomesodermin transcription factor associated domain,
and one or more protein-transduction domains, each optionally separated by a glycine-

serine linker.

4, The nucleclide sequence of claims 1-3, wherein the polypeptide has the struciure:
NLS—GlL—Eomes-TFAD—GL—PTD;
PTO—GL—Eomes-TFAD—GL—NLE;

PTD—GL—Eomes-TFAD; or
NLS—GL—Eomes-TFAD,
wherein NLS is a nuclear localization signal, GL is an optional glycine-serine linker;
Eomes-TAD is an Eomesodermin transcription factor associated domain, PTD is a protein-

fransduction domain.

5. The nuclectide sequence of claims 14, wherein the polypeplide further comprises an
affinity tag.

8. The nuciectide sequence of claims 1-5, wherein the affinity {ag comprises a G=-histidine
tag.

7. The nucleotide sequence of claims 1-8, wherein the Eomesodermin transcription facior

associated domain comprises SEQ D NGO 2 or 4,

8. The nucleolide seguence of claims 17, wherein the Eomescodermin transcription factor

associated domain comprises residues 267-686 of SEQ 1D NG 2 or 4.
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The nucleotide sequence of claims 1-8, wherein the nuclear localization signal comprises
one or more of SEQ 1D NO: 7-11 and the prolein-transduction domain comprises one or
more of SEQ 1D NO: 12-27.

The nucleotide seguence of claims 1-8, wharein the nuclear localization signal comprises
residues 16-21 of SEQ ID NGO 7; the protein-transduction domain comprises residuss 1
11 of SEG 1D NO: 13; and the glycine-serine linker comprisas SEQ 1D NO: 28.

The nucleotide segquence of claims 110, wherein the nuclectide sequence has 85% o
59% identity to SEQ 1D NO: 1.

The nuclectide sequence of claims 1-11, wherein the nucleoctide seguence is SEQ 1D NQ:
1.

A polynuclectide vector comprising a nuclectide sequence of claims 1-12.

A cell comprising one or more nuclectide sequences of claim 1-12 or a polynucieotide

vector of claim 13,

A polypeptide encoded by the nucleoctide sequence of claims 1-12.

A polypeptide encoded by the nucleotide segquence of claims 1-12, wherein the
polypeptide has 85% to 99% identity to SEQ ID NO: 2.

A polypeptide encoded by the nucleotide sequence of claims 112, wherein the
polypeptide is SEQ ID NO: 2.

A research fool comprising a polypeptide encoded by the nuclectide sequence of claims
1-12.

A therapeutic reagent comprising a polypeptide encoded by the nucleotide sequence of

claims 1-12.
A means or method for manufacturing the nucleolide sequence of claims 112 or a

polypeptide encoded by the nucieotide seguence of claims 1-12, the process comprising:

transforming or transfecting a cell with a nucleic acid comprising the nucleotide sequence
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of claim 1, growing the cells; optionally, harvesting the cells and isclating guantities of the
nucleoctide sequence of claims 1-12; inducing expression of a polypeptide encoded by the
nucleotide sequence of claim 1-12; harvesting the celis; and isolating and purifying the

poiypeptide.

The nuclectide sequence of claims 1-12 or a polypeptide encoded by the nuclectide

sequence of claims 1-12, each produced by the means or method of claim 20.

A therapeutic polypeptide comprising the amino acid sequence of SEQ 1D NG: 2.

A method for rejuvenating exhausted natural killer cells, the method comprising:

obtaining exhausted natural killer cells (ExNK);

contacting the natural killer cells with a guantity of a polypeptide comprising one or more
nuclear localization signals, an Eomesodermin transcription factor associsted
domain, and one or more protein-transduction domains;

incubating the ExNK and polypeptide for a period of time sufficient for the polypeptide {o
be uptaken by the cells {(fransduced); and

aliowing the celis to incubate for a period of time sufficient for the polypeptide to rejuvenate
the ExNKs.

A method for treating cancer, the method comprising:

(a) administering a therapeutically effective amount of polypeptide comprising one or
more nuclear localization signals, an Eomescdermin transcription factor
associated domain, and one or more profein-transduction domains 1o a subject in
need thereof: or

(&) contacting autologous exhausted natural killer cells isolated from a subject with a
therapeutically effective amount of polypeptide comprising one or more nuclear
focalization signals, an bomesodermin transcription factor asscciated domain, and
ong or more protein-transduction domains; permitling the cells o rejuvenats; and

administering the cells to a subiject in need thereof,

Use of a polypeptide comprising one or more nuclear locslization signals, an

Eomesodermin transcription faclor associated domain, and one or more protein-
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fransduction domains for the rejuvenation of exhausted natural killer cells or the

freatement of a subject in need thersof.
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FIG. 1B
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FIG. 2A
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FIG. 14B
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_ INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 22/16260

A.
1PC -

CLASSIFICATION OF SUBJECT MATTER

C12N 15/12; CO7K 19/00; A61K 35/17; CO7K 19/00 (2022.01)
CPC - (12N 5/0605; C12N 2501/119; C12N 2501/60; C12N 2506/00

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

full document, especially para [0193]-[0200]

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2016/005985 A2 (YISSUM RESEARCH DEVELOPMENT COMPANY OF THE HEBREW |1
------ UNIVERSITY OF JERUSALEM LTD.) 14 January 2016 (14.01.2016) p. 27, last para; p. 36, In | ------
Y 18t0p.37,In10; p.41,In19top. 42,In 5 2,3
Y US 2019/0111153 A1 (FRED HUTCHINSON CANCER RESEARCH CENTER) 18 April 2019 2,3
(18.04.2019) abstract; claims 1-5; para [0083]; [0117]
A WO 2020/172712 A1 (EPIAXIS THERAPEUTICS PTY LTD) 03 September 2020 (03.09.2020) [ 1-3

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish the ﬁpub]icatlon date of another citation or other
special reason (as specified)

“O” documentreferringtoan oral disclosure, use, exhibition or other means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date orgyriority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

15 June 2022

Date of mailing of the international search report

JUN 29 202

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Kari Rodriquez

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 22/16260

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

only in the form of an Annex C/ST.25 text file.

3. Additional comments:

in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

b. furnished together with the international application under PCT Rule 13¢er [(a) for the purposes of international search
c. D furnished subsequent to the international filing date for the purposes of international search only:

on paper or in the form of an image file (I.{ule 13ter.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US 22/16260

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. X Claims Nos.: 4-21
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group |, claims 1-3, directed to a nucleotide sequence encoding a polypeptide that comprises an Eomesodermin domain, and one or
more nuclear localization signals and/or protein transduction domain sequences.

Group Il claims 22, directed to a therapeutic polypeptide comprising the amino acid sequence of SEQ ID NO: 2.
Group lll, claims 23-25, directed to a method/use of treating cells/a subject with a polypeptide, causing cells to rejuvenate.

--continued on extra sheet--

I. I:] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-3

Remark on Protest I:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

[] No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 22/16260

--continued from Box |11 Unity of invention is lacking--

The inventions listed as Groups I-lIl do not relate to a single special technical feature under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special technical features:

Group | has the special technical feature of a composition comprising or consisting of a nucleotide sequence, that is not required by
Group li or lll.

Group Il has the special technical feature of a composition comprising or consisting of a therapeutic polypeptide, that is not required by
Group ! or L.

Group |li has the special technical feature of contacting cells or a patient with a composition to rejuvenate cells, that is not required by
Group lor ll.

Common technical features:

Groups -l share the common technical feature of a polypeptide comprising an Eomesodermin domain, and one or more nuclear
localization signals and/or protein transduction domain sequences. However, this shared technical feature does not represent a
contribution over prior art, because this shared technical feature is previously disclosed by WO 2016/005985 A2 to Yissum Research
Development Company of the Hebrew University of Jerusalem Ltd., (hereinafter "Yissum").

Yissum teaches a nucleotide sequence encoding a polypeptide (p. 27, last para "As used herein, the term "Eomes" also known as
Eomesodermin, TBR2 and T- Box Brain Protein 2, refers to the polynucleotide and expression product e.g., polypeptide of the EOMES
gene"; claim 1 "expressing within the cell at least one exogenous transcription factor selected from the group consisting of Gata3,
Eomes and Tfap2c"), wherein the polypeptide comprises an Eomesodermin domain, and one or more nuclear localization signals and/or
protein transduction domain sequences (p. 36, In 18 to p. 37, In 10 "the nucleic acid construct or system comprising at least one
polynucleotide comprising a nucleic acid sequence encoding Gata3, Eomes, Tfap2c, Tead4, Ets2, Cdx2 and Elf5...a single construct
comprises a number of transcription factors...a typical cloning vector may also contain a transcription and/or translation initiation
sequence...a packaging signal”; p. 41, In 19 to p. 42, In 5 "the polypeptide is provided in a formulation suitable for cell penetration that
enhances intracellular delivery of the polypeptide as further described hereinbelow. Cell-Penetrating Peptides (CPPs)...according to
additional exemplary embodiment CPPs can be used to transport the polynucleotide or polypeptide to the interior of cells...CPPs-cargos
conjugates”; Note instant application Specification p. 9, In 25-27 “The protein transduction domain (PTD) is also known as a cell-
penetrating peptide domain (CPP)").

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Group I-lll inventions lack unity under PCT Rule 13 because they do not share the same or corresponding special technical
feature.

Continuation of Item 4 above: claims 4-21 are held unsearchable because they are dependent claims and are not drafted in accordance
with the second and third sentences of Rule 6.4(a).

Form PCT/ISA/210 (extra sheet) (July 2019)
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